Introduction
============

Cancer is a complex and intrinsically heterogeneous disease ([@b1-ol-0-0-11895]). An increased understanding of the mechanisms underlying the progression of human cancer may aid the identification of novel therapeutic targets. Next generation sequencing methods have enabled the development of a series of public databases, including The Cancer Genome Atlas (TCGA) ([@b2-ol-0-0-11895]) and the Gene Expression Profiling Interactive Analysis (GEPIA) ([@b3-ol-0-0-11895]) and Genotype-Tissue Expression databases ([@b4-ol-0-0-11895]), which may be used to investigate the heterogeneity and complexity of cancer. Gastric cancer (GC) is one of the most common tumors of the digestive system. The prognosis of patients with locally advanced GC is poor, and the 5-year survival rate is \<50% ([@b5-ol-0-0-11895]). In the past decades, studies have focused on identifying novel diagnostic and prognostic biomarkers for several types of human cancer, including GC. For example, TIMP metallopeptidase inhibitor 2 (TIMP2) was identified as a prognostic marker for GC, and increased expression of TIMP2 was correlated with a shorter survival time in patients with GC ([@b6-ol-0-0-11895]). However, effective biomarkers to improve the survival time of patients with GC are still required.

Collagen type VIII α 1 chain (COL8A1) encodes one of the two α chains of collagen type VIII ([@b7-ol-0-0-11895]), which had been revealed to play a role in atherogenesis and vascular remodeling, presumably through modification of cell migration and proliferation ([@b8-ol-0-0-11895],[@b9-ol-0-0-11895]). COL8A1 is produced in the cornea, aortic endothelial cells and intraglomerular mesangial cells ([@b10-ol-0-0-11895],[@b11-ol-0-0-11895]). COL8A1 was found to promote the growth of smooth muscle cells, suggesting that it serves important roles in regulating cell biology ([@b7-ol-0-0-11895]). Moreover, previous studies have revealed that COL8A1 may be implicated in cancer progression. Di *et al* ([@b12-ol-0-0-11895]) used weighted gene co-expression network analysis to report that COL8A1 was an important stage-associated gene in bladder cancer. Shang *et al* ([@b13-ol-0-0-11895]) reported that COL8A1 was associated with the development and diagnosis of colon cancer. Furthermore, the knockdown of COL8A1 suppressed cell growth and invasion of hepatocarcinoma cells ([@b14-ol-0-0-11895]). However, despite the aforementioned studies, the expression pattern and molecular functions of COL8A1 in human cancer remain largely unclear.

The present study evaluated the mRNA levels of COL8A1 across different human cancer types and investigated the association between COL8A1 expression and survival time using TCGA database. Integrated analysis revealed that COL8A1 was upregulated across human cancer types, including GC. Bioinformatics analysis showed that COL8A1 was involved in regulating the cell cycle and DNA replication. Furthermore, increased expression of COL8A1 was associated with advanced stage and poor overall survival (OS) time in patients with GC. Additionally, silencing of COL8A1 significantly suppressed the proliferation and migration of GC cells *in vitro*. To the best of our knowledge, the present study is the first to demonstrate that COL8A1 may serve as a potential biomarker for GC.

Materials and methods
=====================

### Public database analysis

COL8A1 expression data in Adrenocortical carcinoma (ACC), Bladder Urothelial Carcinoma (BLCA), Breast invasive carcinoma (BRCA), Cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC), Cholangio carcinoma (CHOL), Colon adenocarcinoma (COAD), Lymphoid Neoplasm Diffuse Large B-cell Lymphoma (DLBC), Esophageal carcinoma (ESCA), Glioblastoma multiforme (GBM), Head and Neck squamous cell carcinoma (HNSC), Kidney Chromophobe (KICH), Kidney renal clear cell carcinoma (KIRC), Kidney renal papillary cell carcinoma (KIRP), Acute Myeloid Leukemia (LAML), Brain Lower Grade Glioma (LGG), Liver hepatocellular carcinoma (LIHC), Lung adenocarcinoma (LUAD), Lung squamous cell carcinoma (LUSC), Mesothelioma (MESO), Ovarian serous cystadenocarcinoma (OV), Pancreatic adenocarcinoma (PAAD), Pheochromocytoma and Paraganglioma (PCPG), Prostate adenocarcinoma (PRAD), Rectum adenocarcinoma (READ), Sarcoma (SARC), Skin Cutaneous Melanoma (SKCM), Stomach adenocarcinoma (STAD), Testicular Germ Cell Tumors (TGCT), Thyroid carcinoma (THCA), Thymoma (THYM), Uterine Corpus Endometrial Carcinoma (UCEC), Uterine Carcinosarcoma (UCS), Uveal Melanoma (UVM) datasets were downloaded from the GEPIA database (gepia.cancer-pku.cn/detail.php) on April 28, 2019.

The GSE15459 ([@b15-ol-0-0-11895]), GSE29272 ([@b16-ol-0-0-11895]), GSE51105 ([@b17-ol-0-0-11895]), GSE62254 ([@b18-ol-0-0-11895]), GSE15459 ([@b19-ol-0-0-11895]) and GSE14210 ([@b20-ol-0-0-11895]) datasets and the Kaplan-Meier Plotter database ([@b21-ol-0-0-11895]) were analyzed to determine the association between COL8A1 expression and overall survival time in patients with GC.

### Cell culture

The human GC cell line AGS was purchased from the American Type Culture Collection and cultured in Dulbecco\'s modified Eagle\'s medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.)

### Lentivirus transfection

The short hairpin (sh)RNA targeting human COL8A1 (5′-TGTATAACGGCAGACAGAA-3′) and the negative control (NC) shRNA (5′-TTCTCCGAACGTGTCACGT-3′) were designed and inserted into the pGCSIL-GFP vector. The recombinant lentivirus was purchased from Shanghai GeneChem Co., Ltd. Stable knockdown of COL8A1 was achieved by transfecting the AGS cells with the lentiviral vector for 72 h.

### Reverse-transcription quantitative PCR (RT-qPCR)

RT-qPCR was performed as previously described ([@b22-ol-0-0-11895],[@b23-ol-0-0-11895]). The primer sequences used for qPCR were as follows: COL8A1 forward, 5′-AGAACTACAACCCGCAGAC-3′ and reverse, 5′-TTGAATAGAGCAACCCACA-3′; and GAPDH forward, 5′-GGGAGCCAAAAGGGTCAT-3′ and reverse, 5′-GAGTCCTTCCACGATACCAA-3′. COL8A1 mRNA levels were quantified using the 2^−ΔΔCq^ method ([@b24-ol-0-0-11895]) and normalized to the internal reference gene GAPDH.

### Cell proliferation assay

Cell proliferation was assessed using the adherent cell cytometry system Celigo^®^ and analyzed using Application Programing Interface (version 1.0; software). Briefly, 2,000 AGS cells transfected with shNC or shCOL8A1 were seeded in a 6-well plate. The number of cells was counted after 1, 2, 3, 4 or 5 days. The experiment was performed in triplicate.

### Cell apoptosis

Flow cytometry was used to assess cell apoptosis. Briefly, 5×10^5^ AGS cells transfected with shNC and shCOL8A1 were seeded into a 6-well plate and incubated for 48 h. The cells were subsequently collected and washed twice with PBS. Apoptosis was detected using a flow cytometer and an Annexin V-APC Apoptosis Detection kit (eBioscience; Thermo Fisher Scientific, Inc.).

### Bioinformatics analysis

The Database for Annotation, Visualization and Integrated Discovery (DAVID; [david.ncifcrf.gov/home.jsp](david.ncifcrf.gov/home.jsp)) was used for bioinformatics analysis.

### Western blotting

Western blotting was performed as previously described ([@b25-ol-0-0-11895]). The primary antibodies used in the present study included anti-COL8A1 (cat. no. PA5-62731; Thermo Fisher Scientific, Inc.) and anti-GAPDH (cat. no. sc-32233; Santa-Cruz Biotechnology, Inc.). A goat anti-mouse secondary antibody (cat. no. sc-2005; Santa-Cruz Biotechnology, Inc.) was used.

### Statistical analysis

Statistical analyses were performed using SPSS software (version 15.0; SPSS Inc.). Each experiment was performed in triplicate. The data are expressed as the mean ± standard deviation. The Student\'s t-test or Mann-Whitney U-test was used to determine the association between COL8A1 expression and the clinical characteristics of the tumors. Kaplan-Meier analysis followed by the log-rank test and Cox regression analysis were used to assess the association between COL8A1 expression and the OS time of patients. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### COL8A1 is upregulated across different types of human cancer

The mRNA levels of COL8A1 in tumor and normal tissues across human cancer types, including ACC, BLCA, BRCA, CESC, CHOL, COAD, DLBC, ESCA, GBM, HNSC, KICH, KIRC, KIRP, LAML, LGG, LIHC, LUAD, LUSC, MESO, OV, PAAD, PCPG, PRAD, READ, SARC, SKCM, STAD, TGCT, THCA, THYM, UCEC, UCS, and UVM, were analyzed using TCGA datasets. The results revealed that COL8A1 was significantly upregulated in HNSC, KIRC, PRAD, CHOL, CESC, BRCA, READ, LUSC, COAD, ESCA, SKCM, BLCA, THCA, STAD and LIHC tissues compared with normal tissues ([Fig. 1](#f1-ol-0-0-11895){ref-type="fig"} and [Table I](#tI-ol-0-0-11895){ref-type="table"}), suggesting that COL8A1 may serve as an oncogene.

### COL8A1 has prognostic value across human cancer types

The prognostic value of COL8A1 expression in human cancer was evaluated using Kaplan-Meier analysis and the log-rank test. Upregulated COL8A1 mRNA expression was significantly associated with OS time in several cancer types, including PAAD, OV, BLCA, BRCA, CESC, KIRC, LUSC and STAD ([Fig. 2](#f2-ol-0-0-11895){ref-type="fig"}). Patients with high COL8A1 expression had a significantly shorter OS time compared with those with low expression. The results of these analyses, together with previous reports investigating bladder and colon cancer, suggested that COL8A1 may serve as a biomarker for cancer prognosis.

### COL8A1 is upregulated in advanced GC samples

The present study revealed that COL8A1 was significantly upregulated in stage II--IV STAD compared with stage I STAD samples, in stage III and IV OV compared with stage II OV samples, in stage II and III ESCA compared with stage I ESCA samples and in stage III and IV OV compared with stage II BLCA samples ([Fig. 3](#f3-ol-0-0-11895){ref-type="fig"}).

### Upregulation of COL8A1 predicts a poor prognosis in GC

The present study revealed that high COL8A1 expression was associated with a shorter OS time in patients with GC. In order to further validate this, Kaplan-Meier survival curves were used to analyze the association between COL8A1 levels and OS time in GC samples. The GSE15459, GSE29272, GSE51105, GSE62254, GSE15459 and GSE14210 datasets and the Kaplan-Meier Plotter database were analyzed. Similarly to TCGA analysis, patients with GC with a high COL8A1 expression level had a shorter OS time compared with those with low expression. Interestingly, high COL8A1 expression was associated with a shorter OS time in both human epidermal growth factor receptor 2 (HER2)-positive and negative GC samples ([Fig. 4](#f4-ol-0-0-11895){ref-type="fig"}).

### Bioinformatics analysis reveals the potential functions of COL8A1 in GC

The present study conducted co-expression and bioinformatics analysis to reveal the potential roles of COL8A1 in GC. TCGA STAD dataset was used to perform co-expression analysis and a total of 1,461 genes with an absolute Pearson\'s correlation coefficient \>0.4 were identified as the potential targets of COL8A1. Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology (GO) analyses using DAVID were subsequently performed.

KEGG analysis revealed that COL8A1 was significantly involved in regulating 'PI3K-Akt signaling', 'cGMP-PKG signaling', 'Rap1 signaling', 'Ras signaling', 'MAPK signaling', 'hippo signaling', 'TGF-β signaling', 'hedgehog signaling', 'cAMP signaling' and 'Wnt signaling' ([Fig. 5B](#f5-ol-0-0-11895){ref-type="fig"}). GO analysis demonstrated that COL8A1 was associated with the 'regulation of cell adhesion', 'extracellular matrix organization', 'angiogenesis', 'skeletal system development', 'regulation of cell proliferation', 'cell-matrix adhesion', 'extracellular matrix disassembly', 'wound healing', 'negative regulation of angiogenesis' and 'positive regulation of cell migration' ([Fig. 5A](#f5-ol-0-0-11895){ref-type="fig"}). There results suggested that COL8A1 may participate in regulating GC cell proliferation and migration.

### Knockdown of COL8A1 expression in AGS cells

RT-qPCR results revealed that COL8A1 was highly expressed in AGS cells compared to MG-803 cells ([Fig. 6A](#f6-ol-0-0-11895){ref-type="fig"}). A loss-of-function assay was subsequently performed to explore the functions of COL8A1 in GC. COL8A1 expression in AGS cells was knocked down using lentivirus-mediated gene transfection. As shown in [Fig. 6B and C](#f6-ol-0-0-11895){ref-type="fig"}, both the mRNA and protein levels of COL8A1 were reduced in AGS cells following transfection with shCOL8A1 compared with shNC.

### Silencing of COL8A1 suppresses AGS cell proliferation and colony formation

A Celigo^®^ Cell Counting assay was used to detect AGS proliferation following COL8A1 knockdown. The results revealed that the proliferation rate of AGS cells transfected with shCOL8A1 was significantly inhibited compared with cells transfected with shNC. As indicated in [Fig. 7A](#f7-ol-0-0-11895){ref-type="fig"}, the average cell number in the shCOL8A1-transfected group decreased by about 61% compared with the shNC-transfected group on day 5.

The colony formation assay revealed similar results to the cell proliferation assay. As shown in [Fig. 7](#f7-ol-0-0-11895){ref-type="fig"}, shCOL8A1-transfected cells formed fewer and smaller colonies compared with the shNC-transfected group. Statistical analysis further confirmed that knockdown of COL8A1 significantly reduced the number of colonies ([Fig. 7B-C](#f7-ol-0-0-11895){ref-type="fig"}; P\<0.001). Collectively, these results suggested that knockdown of COL8A1 inhibited the proliferation of AGS cells.

### COL8A1 knockdown promotes the apoptosis of GC cells

Bioinformatics analysis revealed that COL8A1 was involved in regulating apoptosis-related pathways. Therefore, the effect of COL8A1 knockdown on the apoptosis of AGS cells was investigated. As shown in [Fig. 8A](#f8-ol-0-0-11895){ref-type="fig"}, the activity of caspase 3 and 7 was significantly increased following COL8A1 knockdown in AGS cells compared with the shNC group. Moreover, we detected the protein levels of cleaved caspase-3 using western blot assay. The results showed that the levels of cleaved caspase-3 were significantly up-regulated after COL8A1 knockdown in GC cells ([Fig. 8B](#f8-ol-0-0-11895){ref-type="fig"}). These results suggested that COL8A1 knockdown significantly induces apoptosis of AGS cells ([Fig. 8C](#f8-ol-0-0-11895){ref-type="fig"}). Furthermore, Annexin V-APC staining revealed that COL8A1 knockdown significantly promoted the apoptosis of AGS cells compared with the shNC group ([Fig. 8D](#f8-ol-0-0-11895){ref-type="fig"}).

Discussion
==========

COL8A1 is a collagen type VIII protein. Previous studies have demonstrated that COL8A1 is upregulated in several types of human cancer ([@b12-ol-0-0-11895],[@b26-ol-0-0-11895],[@b27-ol-0-0-11895]). COL8A1 was found to be associated with tumor stage and prognosis in patients with bladder ([@b12-ol-0-0-11895]) and colon cancer ([@b13-ol-0-0-11895]). Furthermore, knockdown of COL8A1 inhibited the growth and invasion of hepatocellular carcinoma ([@b14-ol-0-0-11895]). Additionally, COL8A1 was reported to be involved in the regulation of GC progression ([@b26-ol-0-0-11895],[@b28-ol-0-0-11895]). To the best of our knowledge, the present study was the first to demonstrate that COL8A1 was upregulated in several types of cancer, including HNSC, KIRC, PRAD, CHOL, CESC, BRCA, READ, LUSC, COAD, ESCA, SKCM, BLCA, THCA, STAD and LIHC, and was associated with a shorter OS time. These results suggested that COL8A1 may serve as a potential oncogene in human cancer.

GC is one of the most common tumors of the digestive system and is associated with a poor prognosis ([@b29-ol-0-0-11895],[@b30-ol-0-0-11895]). Previous studies have investigated potential biomarkers for GC. Gastric cancer metastasis-associated long non-coding RNA was upregulated in patients with GC and was associated with metastasis ([@b31-ol-0-0-11895]). Upregulation of erythrocyte membrane protein band 4.1 like 5 was correlated with poor prognosis and a shorter survival time in patients with GC ([@b32-ol-0-0-11895]). However, despite the aforementioned advances, there is still an urgent need to identify effective biomarkers for GC. The present study analyzed a series of public databases, including TCGA and the Kaplan-Meier Plotter, to reveal that COL8A1 was upregulated in advanced GC samples compared with stage I GC samples. Moreover, the results demonstrated that patients with GC with high COL8A1 expression had a shorter OS time compared with those with low expression. Interestingly, a high expression of COL8A1 was associated with a shorter OS time in both HER2-positive and negative GC samples. These results suggested that COL8A1 may serve as a potential biomarker for GC.

The present study performed co-expression, GO and KEGG pathway analyses to explore the potential roles of COL8A1 in GC. The results revealed that COL8A1 was involved in regulating several proliferation and metastasis-related biological processes, including 'cell adhesion', 'regulation of cell proliferation', and 'positive regulation of cell migration'. KEGG pathways analysis showed that COL8A1 was associated with the regulation of the PI3K-Akt, mitogen-activated protein kinase (MAPK), hippo and transforming growth factor β signaling pathways. Previous studies have demonstrated that the PI3K-Akt signaling played an important role in regulating GC cell cycle, proliferation, and chemotherapy resistance ([@b33-ol-0-0-11895]). Furthermore, the MAPK signaling pathway was associated with the regulation of GC metastasis ([@b34-ol-0-0-11895]). The present study performed a loss-of-function assay to validate the influence of COL8A1 on GC cell proliferation and migration. Collectively, the results suggested that COL8A1 serves as an oncogene in GC by promoting the proliferation and suppressing apoptosis of GC cells.

In conclusion, the present study revealed that COL8A1 was upregulated in several types of human cancer and was associated with a shorter OS time. Bioinformatics analysis revealed that COL8A1 was involved in regulating cell proliferation and metastasis. Experimental validation of COL8A1 expression demonstrated that silencing of COL8A1 significantly decreased GC cell proliferation *in vitro*. Therefore, COL8A1 may serve as a potential therapeutic target or prognostic biomarker for GC.
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![COL8A1 expression is upregulated across human cancer types. The present study analyzed the mRNA levels of COL8A1 in tumor tissues and normal samples across human cancer types, including (A) HNSC, (B) KIRC, (C) PRAD, (D) CHOL, (E) BRCA, (F) READ, (G) COAD, (H) ESCA, (I) SKCM, (J) THCA, (K) STAD and (L) LIHC. P\<0.05 was considered to indicate a statistically significant difference. \*P\<0.05; \*\*\*P\<0.001. TCGA, The Cancer Genome Atlas.](ol-20-04-11895-g00){#f1-ol-0-0-11895}

![Higher COL8A1 expression is associated with shorter overall survival time across human cancer types. Elevation of COL8A1 mRNA expression was significantly associated with overall survival time in multiple cancer types, including (A) PAAD, (B) OV, (C) BLCA, (D) BRCA, (E) CESC, (F) KIRC, (G) LUSC and (H) STAD. P\<0.05 was considered to indicate a statistically significant difference.](ol-20-04-11895-g01){#f2-ol-0-0-11895}

![COL8A1 expression is upregulated in advanced stage STAD compared with low stage STAD samples. COL8A1 expression was upregulated in advanced stage (A) STAD, (B) OV, (C) ESCA and (D) BLCA compared with low stage cancer samples. P\<0.05 was considered to indicate a statistically significant difference. STAD, gastric cancer; OV, ovarian serous cystadenocarcinoma; ESCA, esophageal carcinoma; BLCA, bladder urothelial carcinoma.](ol-20-04-11895-g02){#f3-ol-0-0-11895}

![Higher COL8A1 expression is associated with shorter OS time in patients with GC. Higher COL8A1 expression was associated with shorter OS time in patients with GC in several datasets, including (A) GSE15459, (B) GSE29272, (C) GSE51105, (D) GSE62254, (E) GSE15459, (F) GSE14210 and (G) the Kaplan-Meier Plotter database. Higher expression of COL8A1 was associated with shorter OS time in both (H) HER2 positive and (I) negative GC samples. P\<0.05 was considered to indicate a statistically significant difference. OS, overall survival; GC, gastric cancer.](ol-20-04-11895-g03){#f4-ol-0-0-11895}

![Bioinformatics analysis for COL8A1 in GC. (A) Biological processes analysis revealed the potential roles of COL8A1 in GC. (B) Kyoto Encyclopedia of Genes and Genomes pathways analysis revealed the potential roles of COL8A1 in GC. GC, gastric cancer.](ol-20-04-11895-g04){#f5-ol-0-0-11895}

![COL8A1 is effectively knocked down with lentivirus-mediated shCOL8A1 in GC AGS cells. (A) COL8A1 expressed in AGS and MGC-803 cells. (B) mRNA levels of COL8A1 were suppressed by shCOL8A1 in AGS cells. (C) Protein levels of COL8A1 were suppressed in AGS cells. All experiments were performed at least three times independently. \*\*P\<0.01 and \*\*\*P\<0.001 vs. shCtrl. sh, short hairpin RNA; GC, gastric cancer.](ol-20-04-11895-g05){#f6-ol-0-0-11895}

![Inhibitory effects of COL8A1 knockdown on AGS cell growth. (A) Celigo cell count assay showed the AGS cell counts after transfection with shCtrl lentivirus and shCOL8A1 lentivirus on days 1, 2, 3, 4 and 5. Magnification, ×100. (B) Cell numbers of AGS cells expressing shCtrl lentivirus and shCOL8A1 lentivirus were determined using a Celigo Cell Counting application assay. (C) Cell proliferation fold of AGS cells expressing shCtrl lentivirus and shCOL8A1 lentivirus using Celigo Cell Counting application assay. (D) Representative microscopic images of colonies stained with crystal violet in AGS cells. (E) Statistical analysis of the number of colonies in AGS cells. All experiments were performed at least thrice and independently. \*\*\*P\<0.001 vs. shCtrl. NC, negative control; sh, short hairpin RNA; Ctrl, control.](ol-20-04-11895-g06){#f7-ol-0-0-11895}

![Depletion of COL8A1 induces apoptosis in RKO cells. (A) Caspase3 and caspase7 activity were significantly increased following COL8A1 knockdown in AGS cells. (B) Protein levels of cleaved-caspase3 were increased after COL8A1 knockdown in AGS cells in a western blotting assay. (C) Cell apoptosis induction was analyzed by flow cytometry. (D) Statistical analysis of the apoptosis induction following COL8A1 knockdown. All experiments were performed at least three times independently. \*\*\*P\<0.001 vs. shCtrl. sh, short hairpin RNA; Ctrl, control.](ol-20-04-11895-g07){#f8-ol-0-0-11895}

###### 

COL8A1 expression is upregulated in multiple types of human cancer.

  Cancer   Median (tumor)   Median (normal)   P-value
  -------- ---------------- ----------------- --------------
  ACC      1.07             5.01              3.89×10^−16^
  BLCA     5.14             8.19              5.82×10^−1^
  BRCA     20.75            5.39              1.00×10^−34^
  CESC     2.23             2.72              9.61×10^−1^
  CHOL     5.86             0.32              8.37×10^−1^
  COAD     7.54             5.87              3.85×10^−4^
  DLBC     0.23             0.04              2.25×10^−16^
  ESCA     7.82             2.41              2.01×10^−19^
  GBM      5.19             0.19              2.23×10^−33^
  HNSC     4.62             0.83              6.43×10^−9^
  KICH     1.61             2.87              2.23×10^−1^
  KIRC     23.36            4.06              2.43×10^−35^
  KIRP     2.76             3.77              3.75×10^−1^
  LAML     0.06             0.06              9.95×10^−1^
  LGG      0.32             0.19              2.00×10^−10^
  LIHC     0.76             0.25              1.80×10^−10^
  LUAD     27.01            31.21             1.65×10^−5^
  LUSC     13.43            31.81             1.39×10^−37^
  OV       6.09             8.06              8.78×10^−1^
  PAAD     25.99            0.34              3.26×10^−68^
  PCPG     4.44             3.48              9.12×10^−1^
  PRAD     7.28             8.78              7.99×10^−1^
  READ     8.91             6.37              1.62×10^−3^
  SARC     14.34            3.93              1.35×10^−1^
  SKCM     1.78             1.82              4.49×10^−5^
  STAD     13.43            1.48              4.93×10^−36^
  TGCT     1.25             0.57              3.49×10^−5^
  THCA     68.71            24.8              8.99×10^−49^
  THYM     0.35             0.04              6.07×10^−12^
  UCEC     1.70             3.29              5.71×10^−2^
  UCS      2.64             3.29              3.71×10^−1^
